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Abstract: (1) Background: Reduced magnesium (Mg) levels may be associated with a faster decline 

in renal function. The aim of this study was to evaluate the association of serum and urinary Mg         

levels with body composition and inflammatory markers; (2) Methods: Longitudinal study with 

patients with chronic kidney disease undergoing non-dialysis treatment in stages 3A, 3B and 4. Ve-

nous samples were collected after a 12-hour night fast. Body composition was evaluated by Double 

X-Ray Emission Absorptiometry and Air Displacement Plethysmography; (3) Results: The sample 

consisted of 134 patients. In the adjusted linear regression model, uric acid, percentage of lean mass 

and ali-mentar intake of Mg were positively associated with the sergic Mg. Triglyceride levels, WC 

and fat mass percentage were negatively associated with serum Mg. For the Mg urinal, in the ad-

justed model, the eGFR (estimated glomerular filtration rate), IL (interleukin 6), food intake of Mg 

and the percentage of lean mass showed a positive correlation.; (4) Conclusions: Serum Mg levels 

were positively associated with lean mass and negatively with total and central body fat and urinary 

Mg was positively associated with IL6 and lean mass. 
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1. Introduction 

Chronic kidney disease (CKD) is a relevant public health problem and is character-

ized by the slow, progressive and irreversible loss of kidney function, having great impac-

to in the lives of patients, in health services, and in society [1,2]. 

In CKD patients, inflammation is highly prevalent and is activated by multiple 

mechanisms [3-5]. There is evidence of activation of the immune system in early and late 

stages of CKD [6], and minerals have been the subject of several studies to try elucidating 

mechanisms involved in this pathogenesis [7,8]. 

Magnesium (Mg) has attracted the interest of researchers, as it is a crucial cofactor 

for hundreds of enzymatic reactions and biological processes. It is necessary for processes 

of oxidative phosphorylation, energy production reactions, protein synthesis, glycolysis 

and nucleic acid synthesis and stability [9,10]. 

Reduced Mg levels may be associated with a faster decline in renal function, mor-

tality, or adverse cardiovascular outcome in CKD. The mechanisms that explain this rela-

tionship still need to be clarified, but endothelial dysfunction, inflammation, insulin re-

sistance, oxidative stress and hypertension may be involved [7,8]. 

In addition, studies have shown that there is a relationship between Mglevels and 

obesity [11-13]. In this sense, the National Health and Nutrition Examination Survey 

(NHANES) highlights that Mg deficit is more prevalent in individuals with body mass 

index (BMI) in the obesity range [14]. The CARDIA longitudinal research concluded that 

Mg intake is inversely associated with obesity and C-reactive protein (CRP) levels [15]. 

Scientific evidence has shown that the reduction of Mg levels favors the manifesta-

tion of low-grade chronic inflammation and may be associated with a faster decline in 

renal function and higher risk of obesity [7, 9, 11, 14]. Although explanations have been 

proposed with the objective of clarifying the role of mineral in these disorders, the mech-

anisms are not yet elucidated. Therefore, further studies on this subject might provide 

biochemical and pathophysiological basis to try to explain the role of Mg in the prevention 

and treatment of obesity, inflammation mitigation and progression of CKD. 

Thus, the aim of this study was to investigate the association of serum and urinary 

mg levels with body composition and inflammatory markers in patients with non-dialysis 

CKD. The hypothesis is that reduced levels of serum and urinary Mg are associated with 

higher percentage of body fat, lower lean mass and higher concentration of inflammatory 

markers. 

2. Materials and Methods 

This is a longitudinal study, prospective for a period of 24 months, with a sample of 

patients with CKD undergoing non-dialysis treatment, under follow-up at the Centro de 

Prevenção de Doenças Renais do Hospital Universitário da Universidade Federal do Maranhão 

(CPDR-HUUFMA). The study approved by the Research Ethics Committee of the Univer-

sitário HUUFMA (opinion: 2.727.940) and meets the requirements required by The Na-

tional Health Council Resolution n. 466/12 and its complements for research involving 

human beings. 

Included in the study: patients with CKD in stages 3A, 3B and 4, of both sexes, aged 

20 years or older and who maintained regular follow-up in 2017 at CPDR-HUUFMA. Not 

included: pregnant women; people with members' support; autoimmune diseases, con-

sumptive diseases and urinary infection. 

 

2.1. Data collection 

The study was developed in three steps: t1 (inclusion), t2 (12 months) and t3 (24 

months). At the time, the study participants answered a standardized questionnaire, con-

taining questions related to demographic, socioeconomic characteristics, lifestyle and his-

tory of diseases, in addition to the drug therapy in use. 

Age was categorized into 20-44 years, 45-59 years and ≥60 years and family income 

into minimum wage (MW): < 1MW; 1-2 MW and >2 MW. Marital status was classified as 
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a marital home and single/separated/widowed. Skin color was self-reported [16] and clas-

sifi-each in white; black or brown and others. Schooling was evaluated in years of school 

attendance and classified as: ≤ 8 and > 8 years. Every patient who declared to be a smoker 

or consumed alcoholic at the time of the interview was considered a smoker and/or alco-

holic at the time of the interview, regardless of the amount consumed. 

To assess the level of physical activity of the participants, the number of days, 

minutes and type of physical activities performed was discussed. Patients who performed 

at least 150 minutes of semanal physical activity were considered physically active [17]. 

Patients with hypertension and/or diabetes mellitus with previous medical diagno-

sis and/or who were using specific medication were considered. Blood pressure measure-

ment was performed using the oscillometric method using the Omron 705-IT (Japan) de-

vice and followed the recommendations of the Brazilian Guidelines on Arterial Hyperten-

sion – 2020 [18]. Three measurements were performed, with an interval of 1 to 2 minutes 

and additional measurements when the first two readings differed > 10 mmHg [18]. 

Venous samples were collected after a 12-hour night fast and included: creatinine, 

magnesium, calcium, sodium, uric acid, phosphorus, parathyroid hormone (PTH), vita-

min D, lipid profile (triglycerides, total cholesterol, HDL cholesterol and LDL cholesterol), 

fasting glycemia, alkaline phosphatase, complete blood count, interleukin-6 (IL-6), TNF 

and ultrasensitive C-reactive protein (PCRus). 

Creatinine levels (serum and urinary) were determined by the colorimetric method 

(Jaffé reaction). The lipid profile (total cholesterol and HDL cholesterol) was dosed by the 

colorimetric enzymatic method and the LDL cholesterol estimated by friedewald formula 

[19]. Magnesium levels (serum and urinary) were evaluated by the colorimetric method 

with chlorophosphane III. Phosphorus was dosed using the UV-automated molybderate 

method and vitamin D by electrochemiluminescence. Fasting glycemia was evaluated by 

UV hexokinase and hemoglobin by flow cytometry. The levels of PCRus were determi-

nated by turbidimetry. Alkaline phosphatase was determined by enzymatic colorimetric 

(IFCC) method. Hematological parameters were analyzed using the Advia 120 System 

(Siemens AG, Germany) and the other parameters using the Cobas 6000 Analyzer with 

reagents and controls from the manufacturer (Roche Diagnostics, USA). 

The evaluation of IL-6 and TNF cytokines was performed using the Cytometric bead 

array technique. The results were generated in graphs and tables with the aid of a specific 

software. 

The 24-hour urine was used to dose urinary excretion of magnesium and creatinine. 

The patients were carefully instructed to: pack the urine in cleaned bottles of mineral wa-

ter, discard the first urine of the initial day of collection and, from there, collect all urine 

produced during the 24-hour period and keeping it under refrigeration. Twenty-four-

hour urine samples with a volume of less than 400mL or urinary creatinine <15mL/kg/24h 

(men) and <10mL/kg/24h (women) were considered due to the possibility of error in the 

collection. 

To define CKD, two previous evaluations of renal function were considered, with a 

minimum interval of 3 months, according to the orientation of the KDIGO (Kidney Dis-

ease Improving Global Outcomes) (2012) [20]. GFR (glomerular filtration rate) was esti-

mated using the formula derived from the CKD-EPI (Chronic Kidney Disease Epidemiol-

ogy Collaboration) study [21] using creatinine as a reference for the calculation. From the 

results found, it was possible to obtain the staging of CKD.The dietary intake of magne-

sium was estimated by means of the 24-hour food recall (R24h) of three different days. In 

the measurement the participant reported all the food and beverages consumed, schedule, 

quantities in units of homemade measures, preparation form, as well as place of consump-

tion (inside or outside the home). This record, based on the report of individuals to obtain 

data on the diet, provides detailed information about current food intake and, using re-

peated measures, can provide estimates of habitual intake [22]. After data collection, the 

R24h were reviewed to verify if the size of the food supply was in accordance with what 

is generally consumed by the Brazilian population. To quantify magnesium intake, the 
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data obtained by R24h were collected in a spreadsheet of the Microsoft Office Excel soft-

ware and the variables of interest were calculated based on the Tabela Brasileira de Com-

posição de Alimentos [23]. The intake of macro and micronutrients was adjusted for energy 

using the residual method [24]. 

Anthropometric nutritional assessment was performed by measuring body mass, 

height, sagittal abdominal diameter (SAD) and waist circumference (WC), calf circumfer-

ence (CC) and neck circumference (NC). Body mass was measured with the aid of a cali-

brated scale (Filizola®, Brazil) with a maximum capacity of 150kg and subdivisions per 

100g and for height a portable statometer (Alturexata®, Brazil) with a scale of 0 to 220 cm 

and accuracy of 0.1 cm was used. 

The weight-height assessment was performed using BMI and the classification pro-

posed by the World Health Organization [25] for adults and Lipschitz (1994) [26] was 

adopted for the elderly. 

The WC was measured at the midpoint between the last rib and the iliac crest, using 

an inelastic measuring tape (Sanny®, Brazil). NC was measured using an inelastic meas-

uring tape (Sanny®, Brazil), measured at the base of the neck at the height of the cricothy-

roid cartila-gem [27]. CC was measured using an inelastic measuring tape (Sanny®, Bra-

zil), in the maximum circumference in the plane perpendicular to the longitu-dinal line of 

the calf [28]. 

The SAD was measured in duplicate with a portable abdominal calibrator, with a 

subdivision of measurements of 0.1 cm (Holtain Kahn Abdominal Caliper®) [29]. 

The evaluation of the functional state of the skeletal muscle was performed by hand 

grip strength (HGS) with a manual hydraulic pressure dynamometer type Smedley 

(Jamar®), with a scale from 0 to 100kg and resolution of 1.0 kg, was used for the disease 

in the dominant arm [30]. 

Body composition was evaluated by Double X-Ray Emission Absorptiometry 

(DEXA) (Lunar DPX NT-GE healthcare®, Brazil) and Air Displacement Plethysmography 

(ADP) (BOD POD – COSMED®, Itália). The equipment used in the performance of the 

tests was calibrated daily, before the beginning of the measurements, following the rec-

ommendations of the manufacturers [31, 32]. 

DEXA is based on the attenuation by the patient's body of a radiation beam gener-

ated by an X-ray source with two energy levels. This beam crosses the individual in the 

remandoanterior direction and is captured by a detector. The software calculates the den-

sity of each sample from the radiation that reaches the detector at each energy peak [33]. 

The positioning in the equipment was done so that the sagittal line demarcated in this area 

passed under the center of the skull, spine, pelvis and legs [32]. The equipment used was 

lunar prodigi model – GE Healthcare® brand). 

The PDA consists of a densitometric means of determining body composition, with 

the body weight obtained through the scale and the body volume provided by the appli-

cation of gas laws inside two chambers. The technique estimates body volume based on 

Boyle's air displacement law, in which the volume varies inversely with the pressure while 

the temperature remains constant [33]. The estimation was performed using the BOD POD 

(BOD POD – COSMED®, Italy) device. 

Initially the individual was weighed on a scale belonging to the BOD POD and then 

requested to enter into the measuring chamber and sit, remain immobile during the ex-

amination, and to perform three respiratory incursions, so that the equipment could meas-

ure the volume occupied by the patient, observing the Boyle principle [34]. Thus, the var-

iations between pressure and volume were measured to determine body density. From 

this, body composition is measured, specifically the percentage of body fat (%BF) based 

on the Siri equation (1993) [35] through the specific software of the equipment itself. 

To classify %BF, obtained through DEXA and PDA, we used the references estab-

lished by Jackson and Pollock (1980) [36] according to gender and age group. 
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2.2. Statistical analysis 

Descriptive analyses were performed to characterize the patients. Categorical vari-

ables were presented by means of frequencies and percentages and quantitative variables 

by means of mean and standard deviation (mean ± SD) or median and interquartile dif-

ference (Quartile 3- Quartile1). The normality of the variables was tested by the Shapiro-

Wilk test. The association between serum magnesium and 24-hour urine levels with CKD 

stages and study moments was performed by the ANOVA variance test. 

A linear regression model with random effects was adjusted to investigate the im-

pact of serum and urinary magnesium levels on body composition and in-flame state. For 

the effect of laboratory factors and food intake not confun-dissemthe analysis of the effect 

of serum and urinary magnesium, such factors were considered in the adjustment. The 

independent variables with a value of p <0.20 in the unadjusted analysis were included in 

the final model. The significance level considered in all analyses was 5%. The analyses 

were performed in the version 14 of the STATA (Data Analysis and Statistical Software) 

program. 

3. Results 

The sample consisted of 189 patients with CKD undergoing non-dialysis treatment 

followed at the CPDR-HUUFMA. The follow-up time was 24 months. During the follow-

up period, there were 6 deaths (3.2%), mainly related to cardiovascular diseases. There 

were 49 censure due to progression of CKD to stage V with initiation of dialysis treatment 

(10.6%), diagnosis of cancer (3.2%), acquired immunodeficiency syndrome (0.5%) and re-

fusal to participate in stages of the research (11.6%). One hundred, thirty-four patients 

(70.9%) remained until the end of the study. The mean age was 60.2±12.0 years and fe-

maleindividuals (52.2%), married or in marital union (65.7%), black or brown (79.1%), 

with a maximum of eight years of schooling (92.5%) and family income of up to two min-

imum wages (48.5%) prevailed. Regarding lifestyle characteristics, 14.9% were etilists, 

6.7% were smokers and 55.2% practiced physical activity. Hypertension was present in 

88.8% of patients, 43.3% were diabetic and 72.4% were in stages 3A and 3B of CKD (Table 

1). 

The median Mg intake was 173 (120-238) mg/day for men and 204.5 (116-286) 

mg/day for women, with no statistically significant difference between genders (p=0.54). 

(Data not shown). There was no statistically significant difference between serum and uri-

nary mg levels at different steps of data collection (p>0.05). The means of basal seric Mg, 

at 12months and at 24 months were 2.02±0.26mg/dL, 1.96±0.25mg/dL and 2.13±0.27mg/dL, 

respectively. Regarding urinary Mg, the mean values were: at baseline 

(71.82±35.53mg/dL), at 12 months (67.45±33.45mg/dL) and at 24 months 

(84.82±34.34mg/dL). 
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Table 1. Sociodemographic, lifestyle and clinical characteristics of patients with   chronic 

kidney disease under non-dialysis treatment. 

 

 

There was no statistically significant difference between serum and urinary magne-

sium levels according to CKD progression (Table 2). 

Variables n % 

Age (years)  
 

20-44  14 4.2 

45-59   36 11.0 

≥ 60   84 84.8 

Mean ±SD      60.2±12.0 

Sex     

Female    70 52.2 

Marital Status   

Married/marital union     88 65.7 

Single/separated/widowed     46 34.3 

Self-referred color     

White   25 18.7 

Black/brown    106 79.1 

   Others    3 2.2 

Education     

≤ 8  124 92.5 

> 8  10 7.5 

Income (in minimum wages)   

< 1   36 26.9 

   ≥1 and ≤ 2  65 48.5 

>2  33 24.6 

Alcohol consumption     

Present 20 14.9 

Smoking   

Present 9 6.7 

Physical activity   

   Present 74 55.2 

Arterial hypertension   

Present 119 88.8 

Diabetes    

Present 58 43.3 

Stages of chronic kidney disease   

3A 45 33.6 

3B 52 38.8 

4 37 27.6 
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Table 2. Baseline, 12-month and 24-month baseline, 24-hour serum and urine magnesium 

levels of study participants by stage of chronic kidney disease 

 

Variables 

 

Serum magnesium  

Mean ± SD 

 

24-hour urine magnesium  

Mean ± SD 

 

Basal 12 months 24 months Basal 12 months 24 months 

Stage 3A 

 

1.95±0.22 1.88±0.22 2.05±0.29 78.55±33.32 74.77±34.34 79.75±33.14 

Stage 3B 

 

2.02±0.28 1.99±0.25 2.12±0.23 71.01±37.50 67.33±34.88 94.83±37.26 

Stage 4 

 

2.04±0.25 2.00±0.26 2.21±0.29 66.10±33.80 61.54±33.45 77.66±29.38 

p value* 

 

0.222 0.551 0.158 0.630 0.632 0.283 

                         *: Analysis of variance (ANOVA) 

 

The coefficients of the longitudinal linear regression model of laboratory parameters 

and body composition associated with serum magnesium are shown in table 3.  
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Table 3. Longitudinal linear regression model of laboratory parameters and body composition associated with serum magne-

sium levels.  

In the unadjusted regression model, we found that serum magnesium was posi-

tively associated with phosphorus, alkaline phosphatase, HDL-c, parathyroid hormone 

and dietary Mg. Serum magnesium expressed a negative correlation with GET, albumi-

nuria-creatininuria ratio, LDL-c and triglycerides. 

In the adjusted model, phosphorus, uric acid, waist circumference, percentage of 

lean mass and dietary intake of magnesium were positively associated with serum mag-

nesium. Triglyceride levels and fat mass percentage were negatively associated with se-

rum magnesium. 

Table 4 shows the coefficients of the longitudinal linear regression model of labora-

tory and body composition parameters associated with 24-hour urine magnesium. The 

unadjusted regression model showed that TFGe, hemoglobin, hematocrit, vitamin D, in-

terleukin 6, magnesium dietary intake, WC, NC, CC, SAD, HGS and lean mass percentage 

expressed a positive correlation with 24-hour urine magnesium. The percentage of fat 

Variables 

Unadjusted Adjusted 

β CI [95%] p value β CI [95%] p value 

TFGe¹, mg/min/1,73m2 -0.0020 -0.0031 -0.0031 0.000 -0.0006 -0.0007 -0.0020 0.345 

RAC² -0.0000 -0.0000 -3.4106 0.028 -0.0000 -0.0000 -5.1907 0.054 

Calcium,  mg/dL 0.0058 0.0001 0.0118 0.056 0.0044 0.0011 0.0101 0119 

PTH³,  pg/mL 0.0008 0.0004 0.0012 0.000 0.0001 0.0003 0.0005 0.566 

Alkaline phosphatase, mg/dL 0.0013 0.0004 0.0022 0.003 0.0006 0.0003 0.0016 0.166 

HDL4-cholesterol, mg/dL 0.0020 0.0002 0.0037 0.025 0.0019 0.0002 0.0039 0.072 

LDL5- cholesterol, mg/dL -0.0009 -0.0015 -0.0002 0.010 -0.0004 -0.0011 -0.0002 0.224 

Triglycerides, mg/dL -0.0004 -0.0007 -0.0002 0.000 -0.0003 -0.0006 -0.0000 0.022 

Uric acid, mg/dL -0.0135 -0.0027 -0.0297 0.102 -0.0212 -0.0018 -0.0405 0.032 

Interleukin 6, pg/mL 0.0051 0.0003 0.0105 0.066 0.0040 0.0011 0.0090 0.123 

Mg food6, mg/day 0.0025 0.0011 0.0038 0.000 0.0021 0.0078 0.0035 0.002 

WC7, cm -0.0020 -0.0001 -0.0042 0.068 -0.0049 -0.0025 -0.0073 0.000 

Lean mass, % 0.0022 0.0007 0.0052 0.137 0.0033 0.0000 0.0066 0.046 

Body fat, % -0.0025 -0.0056 -0.0005 0.103 -0.0038 -0.0073 -0.0004 0.030 

¹TFGe- estimated glomerular filtration rate; ²RAC- albuminuria-creatinuria ratio; ³PTH- parathyroid hormone; 4HDL- 

high density lipoprotein; 5LDL- low density lipoprotein; 6Mg food- food consumption of magnesium; 7WC – waist cir-

cumference. 
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mass showed a negative correlation with magnesium in the urine of 24 hours. In the ad-

justed model, TFGe, IL-6, dietary magnesium intake and lean mass percentage showed a 

positive correlation with magnesium in 24-hour urine. 

Table 4. Longitudinal linear regression model of laboratory parameters and body 

composition associated with 24-hour urine magnesium levels.  

1 eGFR- estimated glomerular filtration rate; 2ACR- albuminuria-creatinuria ratio; 3HDL- high density lipoprotein; 4Mg food- 

food consumption of magnesium; 5BMI – body mass index; 6WC – waist circumference; 7SAD - Sagittal abdominal diameter. 

 

4. Discussion 

The aim of this study was to evaluate the association between serum and urinary levels of 

Mg and body composition and inflammatory markers in patients with non-dialysis CKD. 

To our knowledge, this was the first longitudinal study to bring together this set of meth-

ods with this population group. 

Variables 

Unadjusted Adjusted 

β CI [95%] p value β CI [95%] p value 

TFGe1, mg/min/1,73m2 0.4157 0.2763 0.5550 0.000 0.3096 0.1656 0.4536 0.000 

ACR2 -0.0031 -0.0069 -0.0005 0.099 0.0002 0.0033 0.0038 0.894 

Hemoglobin, g/dL 6.3571 4.4883 8.2260 0.000 5.2495 1.5899 12.0889 0.132 

Hematocrit, % 1.9010 1.2757 2.5264 0.000 -0.6901 -2.9322 -1.5520 0.546 

HDL3-cholesterol, g/dL -0.1726 -0.3989 -0.0537 0.135 0.1846 0.0581 0.4274 0.136 

Vitamin D, ng/mL 0.4786 0.2303 0.7269 0.000 0.1124 0.1503 0.3752 0.402 

Interleukin 6, pg/mL 0.8390 0.1328 1.5452 0.020 0.7450 0.0292 1.4608 0.041 

Mg alimentar4, mg/day 0.0366 0.0010 0.0721 0.043 0.0362 0.0005 0.0719 0.047 

BMI5, kg/m² 0.5415 0.1696 1.2527 0.136 0.0010 1.8245 1.8266 0.999 

WC6, cm 0.3535 0.0705 0.6364 0.014 0.3763 0.2929 1.0456 0.270 

Neck circumference, cm 1.6805 0.7975 2.5635 0.000 0.9440 2.3442 0.4561 0.186 

Calf circumference, cm 1.1582 0.3090 2.0074 0.008 0.6825 0.5853 1.9505 0.291 

SAD7, cm 1.2383 0.2021 2.2746 0.019 1.7413 0.6455 4.1282 0.153 

Hand grip strength , kg 1.0160 0.6181 1.4140 0.000 0.0212 0.6114 0.5688 0.944 

Lean mass, % 0.7975 0.4210 1.1739 0.000 0.6910 0.1369 1.2450 0.015 

Fat mass, % -0.6756 -1.0207 -0.3304 0.000 -0.5708 -1.2931 -0.1514 0.121 
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As it was hypothesized, the uric acid, percentage of lean mass and dietary intake of mag-

nesium were positively associated with serum Mg. On the other hand, triglyceride, WC 

and fat mass percentage levels were negatively associated with serum Mg. In addition, 

TFGe, IL6, Mg food intake and lean mass percentage showed a positive association with 

urinary Mg levels. 

The findings of this study demonstrate the clinical relevance of serum and urinary levels 

of Mg in the management of CKD patients undergoing dialysis. Mg deficiency is an 

emerging public health problem [37] and can be a risk factor for the development of kid-

ney disease, cardiovascular complications [8], oxidative stress, pro-inflammatory state [7], 

obesity, metabolic syndrome, insulin resistance and hyperglycemia [38]. 

The reduction of magnesium levels is not uncommon among individuals with CKD, de-

spite its low GFR. In a cross-sectional study of 5,181 patients with CKD in stages 1 to 5, 

hypomagnesemia, defined as serum Mg levels below 1.8 mg/dL, was one of the most prev-

alent electrolyte abnormalities [39]. On the other hand, studies with this population group 

have demonstrated adequate serum levels of Mg [40,41] corroborating the results of the 

current study that also showed adequate levels of Mg at baseline, after 12 months and 

after 24 months of follow-up. 

The justification for this finding may be multiprofessional follow-up with nutritional 

guidelines aiming at the consumption of magnesium-sourced foods and mineral supple-

mentation, when necessary. The correction of unhealthy diets is a priority to meet the rec-

ommended daily need of Mg. However, due to agronomic and environmental factors, as 

well as food processing, the Mg content in fruits and vegetables has dropped in the last 50 

years and it may be necessary to complement it [42]. In clinical practice, serum magnesium 

dosage because it is more viable and low cost [43] is the most used laboratory test to assess 

mineral status. However, serum Mg does not correlate with the body Mg quantity because 

it is only 1% of the total Mg in the body [44]. This is one of the reasons why Mg deficiency 

is the most underestimated electrolyte imbalance in Western countries, where there is a 

significantly high risk of latent hypomagnesemia [45,46]. 

It has been proposed that urinary excretion of Mg should also be considered because the 

clinical deficiency of Mg is accurately diagnosed with a serum Mg value of less than 1.9 

mg/dL with adequate urinary excretion of the mineral between 40-80 mg/day [47,48]. In 

the present study, urinary mg levels were measured and showed mean values within the 

normal range at baseline and during the follow-up period, with no statistically significant 

difference (p>0.05) in the different periods. However, the discussion about the reference 

values for Mg is still ongoing, since there are discrepancies between the clinical symptoms 

of Mg deficiency and the serum and urinary concentration threshold of the mineral [49]. 

Moderate or subclinical deficiency of Mg induces a low-grade chronic inflammation sus-

tained by the release of inflammatory cytokines and production of free radicals, which 

exacerbate a pre-existing inflammatory state [7]. For this reason, it is considered a risk 

factor for pathological conditions characterized by chronic inflammation, such as CKD, 

hypertension, cardiovascular disorders, obesity, metabolic syndrome and diabetes [50,51]. 

In this study, IL6 levels showed a positive association with urinary excretion of Mg, cor-

roborating the findings of Simental-Mendial et al (2017) [52] which in studies with humans 

and animal models showed Mg deficiency as an beginning for the inflammatory process. 

Veronese et al (2022), in a systematic review with meta-analysis, [53] demonstrated the 

reduction of inflammatory markers when Mg levels were adequate. 

One possible explanation is that hypomagnesemia stimulates macrophages and the influx 

of calcium ions into cells. Increased levels of cellular calcium increase the Mg needed to 

block the influx of calcium ions with increased stimulation of N-methyl-D-aspartate re-

ceptors with high calcium permeability [50]. Thus, the stimulation of these receptors leads 

to the opening of non-selective channels for cations with increased calcium ions in neu-

ronal cells and release of neurotransmitters and cytokines such as IL6 [54]. 

Mg status may affect body composition, evidence suggests that there is a negative associ-

ation between body fat percentage and serum Mg levels in obese individuals [38]. In the 
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present study, serum Mg levels were negatively associated with body fat and WC per-

centage. Corroborating our results, the NHANES study highlights that mg deficit is more 

prevalent in Americans with BMI in the obesity range [14]. Similarly, the 30-year-old CAR-

DIA longitudinal study, conducted in more than 5,000 individuals, concluded that Mg 

intake is inversely associated with obesity incidence and CRP levels [15]. In addition, other 

studies have concluded an inverse association between Mg intake and adiposity markers, 

such as BMI and WC [55,56]. 

Mg plays an important role in controlling cell proliferation [57], protein synthesis [58,59] 

and effects on the secretion or action of anabolic hormones [60]. These lean mass-related 

functions were identified by regression analysis of the current study, which revealed a 

positive correlation between lean mass and serum and urinary mg levels. In this sense, a 

randomized placebo-controlled study revealed that supplementation of overweight 

women with 250 mg of Mg daily for eight weeks resulted in an increase in lean body mass 

and a decrease in fat mass compared to baseline values [61]. Another cross-sectional study 

with 396,283 participants concluded that a higher mg intake was associated with a lower 

chance of decreased strength and muscle mass [62]. It is noteworthy that no studies were 

evidenced with CKD patients. 

Another interesting result evidenced in our study was a negative correlation between tri-

glyceride levels and serum Mg. A consistent association between magnesium concentra-

tions and lipid profile has not yet been demonstrated in the literature. It is known that in 

the liver a decrease in mg activity and pyruvate dehydrogenase enzyme can divert glucose 

metabolism to the oxidative phase of the phosphate pentoses pathway, thus generating 

an excess of NADPH [63] that provides redox potential for fatty acid biosynthesis, pro-

moting an increase in the synthesis of triglycerides and LDL cholesterol [64]. A meta-anal-

ysis published by Simental-Mendia et al (2017) [52] showed in subgroups with hypercho-

lesterolemia and hypertriglyceridemia the reducing effect of Mg supplementation on LDL 

cholesterol and triglyceride levels. Subsequently, a randomized study published by Ro-

driguez-Moran et al. (2018) [65] demonstrated a beneficial effect of oral magnesium sup-

plementation on triglyceride concentrations in individuals with metabolic syndrome. 

In the current study, a positive correlation was observed between the food intake of Mg 

and its serum and urinary concentrations. In fact, the serum and urinary concentrations 

of Mg depend, among others, on the daily intake of this mineral [46]. In the results of the 

NHANES, 45% of the American population presented food deficiency in mg intake [66], 

and other population studies also point to inadequate intake of this mineral [55, 67]. 

The American National Academy of Medicine recommends the consumption of 310-

360 mg and 400-420 mg for women and adult men, respectively [68]. While drinking water 

accounts for about 10% of the daily intake of Mg [69] chlorophyll is the main source of this 

mineral. Nuts, seeds and unprocessed cereals are also rich in Mg [70]. It is noteworthy that 

processed foods have a lower Mg content when compared to whole grains and that the 

dietary intake of this mineral in the Western world is decreasing due to the consumption 

of processed foods [71].  

On the other hand, the progressive decline of TFG in patients with CKD is associated 

with a significant reduction in appetite and food intake, which may impair mg intake 

[72,73]. In the present study, the median mg consumption was below that recommended 

for men and women, with no statistically significant difference between genders. Of the 

total dietary Mg consumed, approximately 11 to 65% is absorbed into the gastrointestinal 

tract and the remainder is eliminated in feces [74]. As CKD progresses, the absorption of 

nutrients into the gastrointestinal tract eventually becomes abnormal due to uremia that 

affects the microbiome and destroys the intestinal epithelium. In addition, active vitamin 

D, which can increase intestinal absorption of Mg, is decreased in CKD patients [75]. 

In the present study, a negative correlation was also observed between uric acid levels 

and serum Mg. Uric acid is the final product of purine metabolism, with an increase in 

serum urate concentration as TFG decreases, triggering several physiological mecha-

nisms, such as inflammation, oxidative stress and endothelial injury [76]. There is an es-

sential and potentially modifiable relationship between Mg intake and serum uric acid 
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levels [77,78]. The NHANES data with 37,215 individuals showed a negative correlation 

between Mg consumption and hyperuricemia, suggesting that deficient intake of this min-

eral may increase the risk of hyperuricemia [79]. 

Finally, another result of the study was a positive correlation between TFG and uri-

nary excretion of Mg. In fact, the kidneys are crucial in Mg homeotase, because their serum 

concentration is mainly controlled by excretion in urine. In moderate CKD, the increase in 

mg excretion fraction compensates for the loss of glomerular filtration, so that serum Mg 

levels are kept within the normal range [80]. Based on the information presented, more 

studies are needed to validate and unify these findings that may be useful in the develop-

ment of better, more appropriate and personalized management of CKD patients in the 

non-dialysis phase. 

This study has some limitations: 1) It is carried out in a single center with a small 

sample, which, however, is statistically representative of the population studied; 2) As 

some patients had advanced kidney disease it was not possible to discontinue diuretics 

for more than 24 hours at the risk of clinical decompensation. 

Thestrength of the current research was the fact of evaluating serum, urinary levels 

and food intake of Mg in patients diagnosed with CKD in the non-dialysis phase. In addi-

tion, methods considered gold standard were used in the evaluation of body composition. 

The longitudinal approach also contributed to the robustness of the study. 

5. Conclusions 

The results of this longitudinal study demonstrated a positive association of serum and 

urinary mg levels with lean body mass and negative correlation of serum Mg with indi-

cators of total and central body fat. In addition, the marker of interleukin inflammation 6 

showed a positive relationship with urinary magnesium levels. 
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